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Hydrocarbon Properties

POS00AHCP 1

Sources of Information About Hydrocarbon
Properties

= Text books or handbooks
m Academic publications

= Trade journals

= Refinery laboratory data

IPR-200UCP 12




Typical Properties of Hydrocarbons
Determined in Laboratory

m Composition by chromatography

= ASTM distillations, simulated distillation

m Density or API gravity

= Hydrocarbon type as paraffin, olefin, naphthenes, and/or

aromatics

® Viscosity

= RON and MON, smoke point, cetane number

= Coidﬂowpmperﬁes - cloud point, pour point, freeze point
. = Flash points

m Sulfur, nitrogen, Conradson Carbon, metals
IPD2004MHCP 13
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Properties Commonly Determined
by Correlation

= True Boiling Point (TBP) distillation
= Average boiling points (VABP, MeABP, MABP, CABP)
= Molecular weight |
= UOPK
= Cetane index
= Flowing gravity
m Heat capacity
Rosnt
NABP — Volwme AVeroge Boi U8
meA Y — mean & b " !

MABY —  Melal i o
LA P — Cuvic i\ ' "

(X}
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Boiling Point Curves
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Laboratory Boiling Point Apparatus
STi1 D86 and D1160 Distillation

» No packing for separation

* Reflux results from heat loss
in the neck of the flask

» Standardized i

» D-86 is an atmospheric
distillation

* D-1160 is a vacuum
distillation, 1 - 50mmHg

L TPDROG-S5
PDROOVHCPLS




Laboratory Boiling Point Apparatus
‘ ASTM D2892 (TBP) Distillation

« Reflux ratio of 5

* 15 to 20 theoretical
stages

*» Accurate component
distribution for
mixtares

* Requires greater sample
volume, analysis time,
expensive equipment

PR2000H0P 7

ASTM - True Boiling Point Distillation
Conversion

Example: Naphtha ASTM Distillation Conversion to TBP

PO-2004H0P 18




ASTM - True Boiling Point Distillation
Conversion

Clcm~ Exercise: Crude Unit ASTM Distillation Conversion to TBP

IPD-2004CR 3

Types of Boiling Points

® Volume Average Boiling Point

m Cubic Average Boiling Point 1

3
n
CABP =[ 3 (Volume Fraction x 3v\fbp(°R )}} '

i=1

CABP is used to correlate UOP K, viscosity, and
enthalpy

i

IPD-2004HCP1-10




Types of Boiling Points

= Mean Average Boiling Point (MeABP)

(CABP + MABP)
2

. MeABP =

MeABP is used to correlate molecular weight and
pseudo-critical pressure

IPO2008M0P 11

Types of Boiling Points

m Molal Average Beiling Point (MABP)

i3
MABP = (Mol Fraction x Boiling Point )
£ .

MABP is used to correlate pseudo-critical temperature

m Weight Average Boiling Point (WABP)
n
WABP = Y (Weight Fraction x Boiling Point )
f=f :
WABP is used to correlate true critical temperature

PO-200UHCP 12
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Specific Gravity

SG TV12 means the fluid specific gravity at T1
relative to water at T2. For example,

°API= 141.5/SG 660 . 131.5

SG 060 = 141.5/(131.5 + °APD)
SG water @ 15.5°C = 999.012kg/m?
SG water @ 4.0°C = 1000kg/m?

POZOAVHCPI3

UOP K Characterization Factor

UoP K

K Values by Molecular Type

13.0
12.5
12.0
11.5
11.0
10.5
10.0

9.0 e : ; —
8 9 10

Carbon Number
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UOP K Characterization Factor

i
Class Exercise: Calculate K Values of Three Different
Intermediate Streams

PRD20MCP LI5S

UOP K Chamcterization Factor

T% _(cABP)®
spgr  spgr

UOPK =

T =fnspgr+/nkK
InT =3/mspgr+3/nK
T =3nspgr+C

T = Cubic Average Boiling Point, °R
' sp gr = Specific Gravity$0"/s¢°

IPDR00MHCP 118
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UOP K Characterization Factor

é ’,"“’ Crude *A”
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B w? s o Crude ‘B
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Slope - 3
Log Specific Gravity
PERZ00MHCP117

UOP K Characterization Factor

Class Exercise: Calculate K Value of A Crude Ofl
' IPD2I0MH0P .18




Viscosity

® Viscosity characterize flow resistance
= Absolute Viscosity (1) — Poise (g / cm-sec)
i Centipoise = 0.01 * Poise
;zgmh‘ﬂ A he dempeizhare
mv=p/p¥ ity mestnrtinert
Kinematic Viscosity (v) — Stokes (cm? / sec)
Centistoke (cSt) is more common

FPO200483C8-19
Viscosity
Interconversion of Saybolt Scales
Saybolt Viscosity Scales
300 30
270 27
240 24
7 210 215
£ 180 182
> £
= 150 15 S
S 120 128
24 w
S 90 s =
60 6
30 3
0 0
¢ 10 20 80 40 S0 80 Y0 80 90 100 110 120 130 140 150
Saybolt Seconds
o Furol
o Universal
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Interconversion of Saybolt Scales

Viscosity

Saybolt Viscosity Scales
22500 : . - 2250
20000 2000
17500 1750
' Cd
g 15000 1500 9
> 12500 1250 2
2 10000 1000 &
2 (>3
2 7500 750 2
s =
5000 500
2500 250
o - 9 ¥ . SSB5HS SRS e v B 5 “ % 0
O 1000 2000 3000 4000 5000 6000 7000 8000 $000 10000
Sayboit Seconds
o Furol ¢ Universal |
PR2004HCP 128
Summary of Some Correlations
V1o 1V aeE ? QRITY AVRIAGALISUNAON ALt AVRTRHE WErage
Method Property T som 1T [Toew 198 {059 {65 [Bolling Point Siope Boling Point  iBolling Poimt  JUOPK
APL2BT MeADF 3 X X
APi281.1  ICABP. % X
AP 28 MABP X X
AP 282 e X X
APL2823 V. gw (S X X
APL2B2.3 AW X X X
Detinion ILIOP K X 51X
AP 28T, Fiagh Point X 4
ASTM D976, [Cotane index X X
ASTM DE737 iCatane indox X X X X
AP 2E1a.1  ICetans ingex X X
AP ZB8, Pour Point X X
APL 288, 1Pour Poirt X X
APLZES 1. ;msm P % 3 X
AR 2810, Sraoke Point X X
AFS 2811 Freezing Pont X X X
APLZBYE, 1Cloud Point X X

1PD-200/HCP1-22




Octane
Research and Motor Octanes
e g
. . 5 2

& Octane is a measure of a gasoline’s wo AT
resistance to pre-mature detonation in
an engine.

®  Pre-mature detonation is indicated by
knocking.

s Octane is determined by burning
gasoline in ah engine under conirolled
conditions until a standard level of
knocking occurs.

& The engine is next operated on a fuel
blended from 2,2,4 trimethylpentane
{100RON) and n- heptane (O RON)
that knocks at the same intensity as'the
gasoline sample. '

» TEL is added to generate a standard
higher than TOORON.

& Motor octane test simulates more severe
engine operation.

{Zaﬁb)’ M*JQJ

FOR00GHOP1-E3
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Octane :
Research and Motor Octanes of Typical Gasoline Components

Blending Component BRON MON
FCC Cracked Naphtha 91 - 93 -12
Reformate 25 - 103 ~-10
Alkylate 896 - 98| O
isomerate 36 - 89 ~1
Light Naphtha Hydrocrackate 76-78 -3
MTBE 118 ~16
Toluene 110 ~18
Ethanol 105 ~14
n-Butane 93.8 -4
e _—D

rrodtd




Smoke Point

s The maximum flame height achieved
without smoking is the smoke point when
tested in a standard wick-fed lamp

= Specification for Jet fuels and other
kerosene products

® Some correlations for smoke point ...

ASTM :

SP (mm) = 5.69/ [1.44 * SG + 0.00385 * A(v%) - 1]

APIL:

SP (mm) = expl-1.028 + 0.474 * K ~ 0.00168 * MeABP(R)]

PD-EOVAHCPY25
Smoke Point
Aromatics ASTM Correlated
1Content (Iv%) |Typical 8G| Smwoke Point {mm) | R
5 0.800 332 Typical for kerosene
10 0:805 288 ] hydrocrackate
15 0.810 254 . i )
gg g«g;g gg; : More typical for
- - straight run kerosene
ASTM Correlated Smoke Point for Typical Kerosengs
350 ;
£ 32,0
E
z 280
g
g 260
g
& 230
20,0 £ g : .
o 5 10 15 20 2 30
Aromatics (Iv) It
. ©APD200AMHOP.28




Ce{rane Number

c\b

s Cetane number is a measure of

ignition delay in a fuel’s combustion

Ignition delay is the time between the

start of fuel injection and the start of

fuel combustion

s Higher cetane number fuels will have
shorter ignition delay periods than
lower cetane number fuels

= Cetane pumber is determined from
engine operation on a fuel blended
from cetane (CN of 100) and ¢~
methyl-naphthalene (CN of 0) that
provides the same ignition quality to

that of the test fuel.
PD2000P 127
Cetane Number
100 ] \ # ) ;S O 2 T 1 TN T O N T |
o % ™TT ; — KT Mode!
= i . ] +  D-813 NEG Fuels
a6 E : e D613 Reproducibility Limits
b RN v 4 v TesiFuels
E 70 A\ , S@WMWW uels
= : : .
: = ‘
&8 ¥
S 50 =
E .
© I 4
& 40 N @
; N AR I
30~ R e NG
20 i |- T

20 25 30 35 40 45 B0 55 680 685 70 7S
IGT ignition Delay (ms)
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Cetane Number

= Ignition delay technique incorporated
for cetane measurement by Southwest
Research Institute (§WRI)

® Measured cetane number is more
accurate (+/- 1CN) in comparison to
CFR engine (+/- 3CN) .

® Being considered as an alternative to
the cetane engine test method (ASTM
D613)

L. noctane ; 258 83
f-ducans ; 388 7B
gdotecane i 421 87
Aetradecans A8 98,
o petane - 349, : 000
L octadecane 3 804 4 028
Snethyberdane: 45 i 302,
4122 Enmethyipentane 231 2.0 - ; B}
Siins__ ——— Cetane Number
desons 55 ) Cetane Number of Some Hydrocarbons
“gpdecens 41 : 718 :
~tetradecene 287 82,
1hexadecene 528 84,
1-oetadecens 356 S0.0
: tetraobutviene 464 4.5
Naphthenes
butyicvciohexane 357 328 £}
digycthexyt 462 47.4
decalin 367 23
gyciohexane 178 313.2
Aromatics
benzene 177 0.0
toluene 231 5.0
xviene 0.0
metagisopropyibenzens 39! 3.0
. Dramyd benrene 389 180 i
n-hexyl benzene 43¢ 32.¢ ‘
n-heotyl benzene 484 38.0
n-nonyibenzene 53¢ 50.0
a-gotesyl benzene 342 58.0
ndetradecyi benzeng 83 73]
giphenyl 459 23.¢
diphenylmethane 508 11,2
1.2-diohenviethane 545 10 ) PD-200UHCP1-80
a-methyinaphthalens A73 2.8




Training Services

Hydrocarbon Properties -

- Example of Naphtha ASTM
Distillation Conversion

IPD-0GHOPE-1
European Gasoline Specifications
Specification 2000 ' 2005
Sulphar, mg/kg 150 max 50 max
(10 max)*
RONC/MONCH** 95/ 85 min 95 /85 min
Vapour pressure, kPa, summer 60 max 60 max
Distillation, % v/v @ 100°C 46 min 46 min
@ 150°C 75 min 75 min
Hydrocarbon analysis, % v/v
Olefins 18 max 18 max
Aromatics 42 max 35 max
Benzene 1.0 max ¢ 1.0 max
Oxygen content, % m/m 2.7 max 2.7 max
® To be phased in between 2005 - 11
R Regular grade (91 7 81) not mentioned for 2005+

IPR2004HCP2R




Options for Aromatics and Benzene Reduction
in Future Gasoline Pool

' Dilution
m Aromatics Extraction
m Severity Reduction in Catalytic Reforming

= Removal of Benzene Precursors | Pre-fractionation
Versus

n e L1 3 ; A
Benzene Destruction Post-fractionation

PD200400P22

Benzene Precursors in Catalytic Reforming

- Componen Normal Beiling

= Catalytic reforming is 2 major contributor of benzene and
aromatics in gasoline

= Benzene precursors quantitatively convert to benzene in
reformate

= Removing benzene precursors in catalytic reforming feed
by distillation is a “pre-fractionation” solution

PD-2004HCP2-6




Preflash-Column Operation - Middle East Refiner

Conversion of ASTM Distillatior. to TBP

Pre-Fiash Column Heavy Naphtha Distillation
=
8
= (e ASTMD-86 BP
20 T
8
=
oy
W
2 . ‘ , . -
815102 8222 8129102 94502 9r12/02
Date
Pre-Flash Column Heavy Naphtha Distiliation
8 G ASTM D-86 5%
= ASTM D86 10%
B O e ASTM D86 50%
=
=
0
<
912702
Date
IPL200MMLIFRS
Preflash-Column Operation - Middle East Refiner
Conversion of ASTM Distillation to TBP
Pre-Flash-Column-Heavy Naphtha Distiliation
90 ' : '
g 180 e ASTM D86 90%
g _ o ot ASTM D-86 95%
£5 wtpe ASTM D86 FBP
é & 160 -
= 150
< 140 ¥
81502 8/22/02 8120102 915102 912002
Date

POR004CP2-5
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. Preflash-Column Operation - Middle East Refiner
" Conversion of ASTM Distillation to TBP

Heavy Naphthg) Heavy Naphtha] Heavy Naphthal Heavy Naphtha)

: Average Distillation] Average Distillation Adjusted {BP Adj ¢ IBP

1"7~‘ ASTM Distiliation Point {°C): (*°FYy [ “FY
18P 75 7 108 28

»5/ 5% 107 4 118 45,
10% 113 124 54

[,\:" 30% : 128 132 59
50% ; 37, 7 141 86

0% " 43 29 152 05

90% 162, 32 184 328

95%, 187 333 170 337

FBP 178 352 178 352

« Convert the actual and adjusted distillation data to TBP
distillations ’

» Does the actual column operation allow benzene
precursors in feed? Does the adjusted operation exclude

benzene precursors?
IPD200UHEP 2T

API Procedure 3A1.1
ASTM D-86 Conversion to TBP

Calculate the TBP distillation
temperature at 56% distilled
from the ASTM D-86 50% poin
{°F) -

Calculate the TBP
distillation points

Calculate the ASTM distillatio
differences

Calculate the TBP distillation
differences from the TBP 30%
distillation point.

FO2006HCP28




API Procedure 3A1.1
50% TBP Distillation Point

TBP (50) = 0.8718 (ASTM D-86(50)) 10258
TBP (50) = 0.8718 (278.3°F) 10258
TBP (50) = 280.5°F or 138.1°C

Let’s use the actual average pre-flash column
naphtha as the example

IPLR00AI0ER9

API Procedure 3A1.1
Calculate ASTM Distillation Differences

D¢ f(gu'(ﬁ\ﬂe} . h“le_-“’M"

Heavy Naphhaj
Average Distifation

ASTM Distitlation Point {°F} X .
LA 57 < 2716
10% 235 28] <~ 2 —2.3 5
30° 58 0

S0 7 s}

70% 3 201

90% 24

FBP 52 28

X ;= |ASTM Distillation Point; - ASTM Distillation Point ;|

IPO00VHOPR-10




API Procedure 3A1.1
TBP Temperature Differences

con Sl

F\_/\.w——\

ASTM Distilatiby Point Al Bl Xi i

%mp i 74012 0.6024% 7 93

110% 4.8004 71848 4 47

A 0808 0.80078 G 33

70% 5282 0.82002 0 30

S0% 04TY 0.75497 4 34
1.8508 S

IPD200CP2Y

API Procedure 3A1.1
Calculate TBP Distillation Temperatures

TBP (0) =TBP (10)-Y6
TBP (10) =TBP (30)- Y5
TBP (30) = TBP (50)- Y4
TBP (70) =TBP (50) +Y3
TBP (90) =TBP (70) +Y2
TBP (100) = TBP (99) +Y1

PO-200AHCP2A2




API Procedure 3A1.1
Calculate TBP Distillation Temperatures

Distiiation Pain ASTM DL (°F) ASTM D85 ("0 | TER C)
0 387 108 78 5%

& 223 388 167 25

30 235 200 333

30 258 RET (2

= 275 281 7

) 298 210 48

S0 328 (723 o
?@ 353 35 3

158 382 378 78

Distiltation
Temparature {'C}

4 W R OW K 5 80 T B W
Vistifiation Point {LV% off)

s AS TN DB i TEP

100,

Pre-Fractionation for Benzene Precursor Reduction

Pre~-Flasty Column Naphtha Pistillation Curves

Current distillation
operation allows

feed

Distifiation Tomperature
(g}
8

o W 20 30 40 5 £ 70 8 % WO .
Distitiation Point (LV% o) 4 :

benzene precursors in

Adjusted Pre-Flash Column Naphtha Distiliation
Curves

—o—-ASTM&SSmQ-TBP§

Proposed IBP
adjustment mitigates
benzene formation

Olstiflation
Tomporature (*C)

% on W “’{J"‘"'RA Uk, 6 0 2 30 4 50 80 7 B 90 100
. - - i\"* e f Distillation Point (LV% o)
ineveating Astilleie [SASTN D86 Lo TP

w,“;\m\, ot 0
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Training Services

Hydrocarbon Properties -

Example of Determining
Crude and Vacuum Unit

TBP Cut Points

PDN2004HCPR

Test Run Data - Middle East Refiner

STREAM
Crude Charge

Vacuum Charge

Atm . Column Off Gas G
Stabilizer Off Gas 8G
Stadb. O H Liquid LPG
LSRN

HSRN

Kerosene

LAD

HAD

Reduced Crude By-Pass
Stop Ot

LVGO

HVY GO

Vacuum Residue

Recovery

APt m3fd
{SP.GR.} UOP K (m3ih) td vol % wt. %
351 12.32 12308 10863 100 100
19,3 $1.86 6586 6180 51.0 56.4
(0.945) —en {132} 4 04 0.0
0.862) (40} 1.1 , 00 0.0
117.2 171 97 1.3 0.8
82.7 12.70 1000 660 7.7 8.0
57.9 11,87 1687 4260 3.1 11.5
452 11.86 1591 1274 123 11.6
38.7 11.94 1286 1069 10.0 9.8
34,4 11.96 1007 859 78 ) 7.8
19.3 11.66 0 0 0.0 0.0
40.4 13.27 52 43 1 0.4 0.4
33.2 11,82 641 551 ‘5.0 5.0
262 1212 2968 2663 23.0 24.3
9.0 11.61 2655 2684 208 24.5
13068 11166 101.4 101.8




1

Test Run Data - Middle East Refiner

s
'

B g oot s ian s o g g A e g )
LABORATORY TEST RESULTS

Stream LSRN HSRN KERO LAD HAD LVGO HVYGO
Saybolt Color « 30 « 306 - 30 FOaN . —an O
ASTM Color <1 4,50
ASTM Distillation {°C}
18P 31 81 158 214 251 268 327
$ % : 34 108 170 237 268 280 374
10 % ;o 36 1068 175 244 275 284 391
30 % 34 118 189 253 296 297 219’
50 % 54 122 202 267 313 308 444
70 % 68 135 224 288 343 424 474
90 % 82 148 240 308 373 356 504
35 % 94 158 252 321 393 348 523
=4 103 178 266 343 400 385 550
Flash Point {°C, PV} --- - 45 77 113 128
Pour Point {*C) e LR . ~-%8 -8 -8 e
RVP {psi) 18.5 - - - R .
GAP 12 12 -15 .33
PHR0VVHOPS-S
ASTM to TBP Conversion Worksheet
ASTM Distiation TBP Distiliation
ASTMEAT TBP &7
8P P
1% 10%
30% 50%
TEP 50%
0% 50%
70% 70%
0% 0%
FBP FBp
PDLIONHCPS-4

—



Test Run Data - Middle East Refiner
Conversion of ASTM Distillations to TBP

Straam LVGO! HVGO] VR
. TBP Distiation o :
e 25
=% 63,
0% 7O
20% P 28
30% 32 1071 &3 27 2 25 214
40% 40 1 g 257 305 308 %28
508 e EX] oz 278 315 244
80% 50 128 4 284 7 sgg_f 458
70 75 339 25 259 7] 357 %74
0 79 147 4] e 761 546 )
307 89 157 54 325 283 3871 S0
35 108 18e 671 738 215 3671 523
100% 113] 184 282} 363 423 951 550 750,
PO2004HEPSS
Blended Crude Boiling Curve
80
80
70
80
=
C: 50
N
> 40
ot
30
20
10
O ¥ . e ol e 5 : : .

0 50 100 150 200 250 300 350 400 450 500 550 600 650
True Boiling Point (°C) ‘

IPD2AHOPB-E




Test Run Crude Cut Points

Cut Point Value (°C)
Light Naphtha - Heavy Naphtha 89
Heavy Naphtha - Kerosene 158
Kerosene - Light Diesel 240
Light Diesel - Heavy Diesel 289
Heavy Diesel - LVGO 336
LVGO - HVGO 374
523

HVGO - Vacuum Residue

IPDRUHCPBT

< T




Training Services

Hydrocarbon Properties -

Example of Calculating
UOP K Values

PREO0MCPL. S

Three Very Different Intermediates

Highly T0ZRON
120Vl Lube | Saturated Heavy
{Stream Basestock | FOCLCO | Reformate
 UOP Reactor, 2 o

{Source _sa-rammer | PotPan | Meaar—t._ Simnilar speczﬁc
o) - : YT .
Distillation Method gk avxty
UBP )
5%
10%
30%
50% 4
70%
90%
95%
FBP
S (wt%)
Totat N twppm)

However, distiﬂatiéns are in
VGO, distillate and naphtha

ranges . Y ipD2oswHCPLe
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Calculation of UOP K Value

‘Calculate VABP

Calculate distillation
slope

Calculate temperature
correction; determine

Calculate K from
CABP and SG

IPD-2004HCPAS

Three Very Different Intermediates
Calculate Volume Average Boiling Point

Highily 102RON
120ViLube | Saturated Heavy
Stream Basestock | FCCLCO | Reformate
UOP Heactor,
Source U.S. Refiner | Pllot Plant Mode!
SG 0.8639 0.8550. 0.8441
Distilation Method D180 D-86 D-88
HBP (G 480.0) i 1106
5% BARTE 117.2
0% £ 4444\ 1788 121.7
30% 453.2 216.1 1322
50% 4606 2344 144.4
70% \_472.8 250.0 160,01 -
90% AN g:’g}’ 2822 169.4]
95% -] AR 181.1
EBP L 80220 184.4
$ {wide) /00014 0.0058 0
[Total N (woom) / 2 1.2] 0

N4

* VABP (°C) = (444 + 454 + 461 + 473 + 498) /5 =467°C
VABP (°F) = 872°F

IPO200UHCPA-S




Three Very Different Intermediates
Calculate Distillation Slope

Highly 102R0ON
120Vi Lube | Saturated Heavy

Stream £ tock | FCC LCO | Reformate

UOP Reactor
Source U.S. Refiner | Pilot Plant Mode!
SG 0.8639 0.8550; 0.8441
Distitiation Method D-1160 £-86 D-86
8P (°C) 43008 Tl 110.8
5% RN 117.2
10% { 4444 173.9 121.7
30% / - 218.1 1322,
50% [ 4608 234.4 14441
70% / 2 250.0 180.0
90% J L 4978 2822 169.4)
95% : / a1 BRI 1811
£8P AR Y s 194.4)
IS (Wi%) Ji/ 00014 5}
Total N (wppm) /i 2 0

N
*» Slope = (Tgy - T ) / 80
* Slope = (498 - 444) /80 =0.675 °C/%
Slope = 1.215 °F/% Pod0eHGRes

Three Very Different Intermediates
Calculate Temperature Correction to VABP

" A= €
= CABP = VABP - A, (API 2B1.1-3) ‘
B In A;=-0.23589 - 0.06906 * (VABP-32045+ ~ ' ;(c?/(

1.8858 * Slope 45 (API 2B1.1-7)

= VABP and distillation slope are in units of °F
and °¥/%

n As = 1.5°F
= CABP =872 - 1.5 = 870°F (or 1330R)
® UOP K = (1330R)>/0.864 = 12.73

! IPD-200HCPA-3




Three Very Different Intermediates
Class Exercise
Highly 102RON
3120Vi Lube | Saturated Heavy
Streah Basestock | FCC LCO | Reformate
UOP Reactor

Source U.S. Refiner | Pllot Plant Moded
SG 0.863% 0.8550 0.8441
Distilation Method D-1160 0-86 D-86
1BP (°C) B = 110.8)
5% 72
10% 121.7
30% | 132.2
50% 1444
70% . ; 180.0
0% 457.8 2822 160.4
85% T 181.1
FEP ¥ REananay 164.4
S (wtthy 0.0014 0.0058 0
Total N (wopm) 2 1.2] O
VABP (C); APL 2:0.3 . 4659

) 870.6
Slope (F/%); APL28.1 1.20 [ Y
Correction for CABP (F); AP}
oB1.1-7 1.5
CABP (R} AP1 2B1.1-8 1328.81 L4
UOP K {SG. Distilation) 12.73| i 1PO2008HCPS?

* -
Three Very Different Intermediates
Class Exercise
Highly 102B0N
120Vilube | Satrated | Heavy
Stream Basestock | FCCLCO | Reformate
TOP Reacior]
\Source U.S. Refiner | Pilot Plant NModel
SG 0.8638] __ 0.:8550 58441
Distilation Method D-11607 . D85, 088
BP (C) 4300} o 1106
5% 34175 1172
0% Taad 1217
30% 4539 1322
150% 4506 1444
0% 3728 750.0
50 497.8 7654
o5 506.11. 811
FBE 502,51 1924
S (with) 5.0014] 0
Toral N {wpom} 2 ol
VABP (C). AP1 20.8 3559 2313 14586
G 5706 G454l 2980
Slope (F/%): AP 2B.1 1.20 2,84 1.08]
Correction for CABP (Fy; APt UOP K
281.1.7 15 &7 4 ) R
CABP (B AP1 2B1.1-3 13288 505.4 7518 ;araéfx ;‘f :Z
UGP K (SG, Distilation} 12, 11.31 1077] copnmenes il
Parain Content (V%) » 13 75 Avomatics  10-11
Naphthene Content (v6) @5 0
Aromatics Content (V%) 4 6 @ PD2OVHCPE-8 ( :




Training Services

Hydrocarbon Properties -

Example of Determining
Crude K Value

IPD-RO0IHCPE
»
Test Run Data - Middle East Refiner
AP m3td
STREAM {SP.GR.) YOPK {m3in) yd vol % wt. %
Crude Charge 35.1 12.32 12908 109838 100 100
Vacuum Charge 18.3 11.66 8588 6180 51.0 56.4
Atm. Column Off Gas $G {0.945) - {1382y 4 ¢.1 0.0
Stabilizer Off Gas 8G {0.882) - {40) 1.1 . 6.0 0.0
Stab. O/ H Liquid LPG 117.2 --- 171 97 f 1.3 0.8
LSRN 82.7 12.70 1000 £80 7.7 8.0
HSRN 57.9 11.97 1687 1260 13.1 11.8
Kerosene 45.2 11.86 1591 1274 12.3 11.8
LAD 38.7 11.94 1286 1069 10.0 9.8
HAD 344 11.986 1007 859 7.8 7.8
Reduced Crude By-Pass 1.3 11.68 ¢ o 0.0 0.0
Siop Oil 40.4 13.27 52 43 ¢ 0.4 0.4
VGO 33.2 11.82 841 581 ‘8.0 5.0
HVGO 28,2 12.12 29868 26863 23.0 243
Vacuum Residue 8.0 11.81 2865 2684 205 24.5
Recovery 13088 111686 101.4 101.8




Test Run Data - Middle East Refiner

D —
LABORATORY TEST RESULTS

Stream LSRN HSRN KERO LAD HAD LVGo HVGO
Saybolt Color »30 +30 +30 .- o ‘an ..
ASTM Color w - .- <t 4,50
ASTM Distitlation {°C}
18p 31 91 58 214 251 268 327
5 % 34 108 170 237 268 280 374
10 % i 38 108 175 244 278 284 391
30 % ] 44 115 18¢ 253 288 287 418
50 % 54 122 202 287 313 309 s
T4 % 68 185 221 288 343 324 474
20 % 82 148 240 309 373 338 504
95 % 94 158 252 321 383 348 528
Ep 103 173 288 243 400 388 550
Flash Point {*C, PM) e EETN 48 77 113 128
Pour Point {*°C) “an - .o 18 -8 -8
RVP {psi) 18.5 - - - wee -
GAP 12 12 «15 -53
PL2008HEPSR

Test Run Data - Middle East Refiner

Calculate Cubic Average Boiling Points of Individual Cuts

Answer:

Cut CABP (°F)
Light Naphtha 131
Heavy Naphtha 258
Kerosene 401
Light Diesel 521
Heavy Diesel 607
LVGO 590
HVGO 835

PORZ00VHEPS-2




Test Run Data - Middle East Refiner
Plot CABP v. SG on Log Basis
Cat S CABP (°F) |1 SG. 1 in CABP{R)
Light Naphtha 0.685 131 20.578 5.382
Hoavy Naphthal _ 0.747 258 0292 6.578
Kerpsene 0.801 401 0,222 §.758
Light Diesel 0.831 527 0,165 5.889
Heavy Dissel 0.853 807 0159 6.575
LVGO 0.859 590 .52 6.957
HVGO 0.897 835 -0.108 7.166
, Middle East Refinery Crude Blend
7.300 —
_ 7.100
T
= 6.900
b4
S 6700
E
6.500
6.300 -+ . i el
-0.400 0,850 -0.300 -0.250 0200 -0.150 -0.100 0050 0,000
in (SG)
TP OROOUHCR S-S
. 4 3 *
Test Run Data - Middle East Refiner
Analysis of K Value Plot
MiddieEast Refinary. Cride Slend
7300 7
L. TR
E
& 8800
2
L, 8700
=
6500
B3O i 4 - .
G400 0B850 -0800 0250 D200 050 .00 Q050 0000 .
n (S5} « Intercept.is 7.419
k}
» Intercept = C
SUMMARY OUTPUT
Foaression Sianeves +C/3=InK
Mitiple B 0882
R Stuare 0.985. ;
Adjusted 7 Squ 0.582 * K e = 11.85
3 Standard Error 0.036 s
Slope .IS Cvsenvations 7 )
statistically ~___ /
i Sancard  Lower
equa} o5 Error 5% Loper 95%
intercept :
X Variable 1
. PD-200UHCPSS




Cctene is a figure of merit representing the resistance of gasoline o pres na{'z_zr@
detonation when bxposed to heat and pressure in the combustion cham rof an
internal-combustion engine. Such detonation is wasteful of the energy in the fuel
and potentially damaging te the engine; premature detonation is indicated by
knocking or pinging noises that occur as the engine operates. If an engine
running on a particular gasoline makes such noises, they can be iessened or
eliminated by using a gasoline with a higher octane number. The octane number
of a sample of fuel is determined by burning the gasoline in an engine under
controlled conditions, e.g., of spark timing, compression, engine speed, and load,
until a standard level of knock occurs. The engine is next operated on a fuel
blended from a form of isooctane that is very resistant to knocking and a form of
heptane that knocks very easily. When a blend is found that duplicates the
knocking intensity of the sample under test, the percentage of isooctane by
volume in the blended sample is taken as the octane number of the fuel. Octane
numbers higher than 100 are found by measuring the amount of tetraethy! lead
that must be added to pure isooctane to duplicate the knocking of a sample fuel.
At present three systems of octane rating are used in the United States. Two of
these, the research octane and motor octane numbers, are determined by
burning the gasoline in an engine under different, but specified, conditions.
Usually the motor octane number is lower than the research octane. The third
octane rating, which federal regulations require on commercial gasoline pumps, is
an average of research octane and motor octane. Under this system a regular
grade gasoline has an octane number of about 87 and a premium grade of about
93. Most American-made cars that were built in the 1971 model year or later can
use regular gasoline. To prevent knocking, premium grade gasoline must be used
in many cars built before 1971 and in some new cars that have high-performance

engines.

For clarity it is useful to provide a general overview of an octane number. An octane number is a quantitative, but imprecise
measure of the maximum compression ratio at which a particular fuel can be utilized in an engine without some of the fuel

/air mixture "knocking" or self igniting. This self ignition of the air/fuel mixture in the cylinder results in a loss of peak power.
Directionally as the compression ratio of the engine increases so does the required octane number of the gasoline if engine

knocking is to be avoided.

The performance of an engine is dependent upon many factors, one of which is the severity of operation. Accordingly the
performance of a fuel is also dependent upon engine severity. To account for differences in the performance quality of a fuel
two engine octane numbers are routinely used. The Research Octane Number (RON, or F1) simulates fuel performance
under low severity engine operation. The Motor Octane Number (MON, or F2) simulates more severe operation that might be
incurred at high speed or high load. In practice the octane of a gasoline is reported as the average of RON and MON or

R+M/2.

Classically, both numbers are measured with a standardized single cylinder, variable compress:on ratio engine. For both
RON and MON, the engine is operated at a constant speed (RPM’s) and the compression ratio is increased until the onset of

knocking. For RON engine speed is set at 600 rpm and MON is at 900 rpm.



A
Octane is a rating of a fuels resistance t% ignite. The higher the octane, the harder it is to get to ignite. A higher octane may be
necessary to prevent pre-ignition and detonation in a high performance engine. Higher octane fuel will generally burn slightly
slower than a lower octane fuel which could require a change in ignition timing. Using more octane than you need will not help
power, the slower burn rate will actually cause you to lose some power.

Normal combustion wil! take place at a pretty steady rate (for a given rpm and load), when a large amount of the charge burns
extremely fast and uncontrollably, it is know as detonation. Detonation can destroy an engine in a matter of seconds. It is
common knowledge that heat causes detonation, but heat it not the only cause. Pressure plays a big role in it also. You can
get detonation by running with too much ignition advance, if heat was the only cause, signs of detonation would around the
exhaust valve, but this is not the case. Usually when detonation takes place from too much advance, the detonation occurs on
the intake side of the chamber, which is the coolest side of the chamber. This happens because detonation did not occur until
the pressure got excessive, which was after the spark. By the time that happened, the charge near the exhaust valve has
already been burned. Most of the time, detonation will occur after normal combustion has started. Apart for destroying pistons
and spark plugs, light detonation can cause all sorts of other problems, like fatiguing cranks and rods quickly and pounding
bearings to death, so avoid detonation at all costs.

E Pre-Ignition '

When the charge lights off before the spark, it's called pre-ignition. This can happen with or without detonation, but usually will
cause detonation in a high performance engine. Hot spots in the combustion chamber are the usual cause of pre-ignition. A
spark plug with a high heat range can cause a hot spot. When pre-ignition occurs, the charge begins to burn, then when the
spark plug sparks there are two flame fronts. This is very unpredictable and can lead to detonation, because it will act just like

too much ignition timing, but it won’t be controliable.

Motor Octane Rating

The motor octane rating, referred to as MON (motor octane number), is the best rating to use when selecting fuel for your ract -
or high compression engine. When testing MON, the fuel is heated to 300° F and the intake air is heated to 100° F. The test
engine is a single cylinder 4 cycle engine that is run at 900 rpm. Ignition timing is varied with compression ratio. Engine load is

varied during test.

Research Octane Rating

Known as RON (research octane rating). Tested at 600 rpm with a fixed timing of 13° BTDC. The fuel temp is not controlied at
all and the intake air temp is varied with barometric pressure. This is done to covert everything to a SAE standard day, which is
60° F, 0% Humidity, and 29.92 inches barometric pressure. The RON should not be used when selecting fuel for a race or high

performance engine. The RON wili always be higher than the MON.




The Importance of Cetane Number in Diesel Fuel

What is Cetane Number?

Cetane Number is a measure of the ignition quality of a diesel fuel. It is often mistaken as a
measure of fuel quality. Cetane number is actually a measure of a fuel's ignition delay. This is the
time period between the start of injection and start of combustion (ignition) of the fuel. In a
particular diesel engine, higher cetane fuels will have shorter ignition detay periods than lower
cetane fuels.

Cetane number should not be considered alone when evaluating diesel fuel quality. API
gravity, BTU content, distillation range, sulfur content, stability and flash point are aiso very
important. In colder weather, cloud point and low temperature filter plugging point may be critical
factors.

CETANE NUMBER - ANOTHER DEFINITION

The most accurate method of assessing the ignition quality of a diesel fuel is by measuring its
cetane number in a test engine, the higher the cetane number the higher the ignition quality. The
cetane number of a fuel is defined as the percentage of cetane, arbitrarily given a cetane number
of 100, in a blend with alphamethyl-naphthaline (cetane number -0 ), which is equivalent in
ignition quality to that of the test fuel.

Determining Cetane Number

The optical method for determining cetane number is ASTM test D-613. This method
requires the use of an industry standard test engine equipped with accepted instrumentation and
operated under specific conditions. In this test, the engine compression ratio is varied for the test
sample and reference fuels of known cetane number to obtain a fixed ignition delay. The
compression ratio of the sample is bracketed by those of two reference fuels. The cetane number
of the sample fuel is determined by estimating between the two reference fuel points.

Because the ASTM D-613 test is time consuming and expensive, calculated cetane index
(ASTM D-976 or D-4737 is often substituted for cetane number. The calculated cetane index is
derived from the fuel’'s density and boiling range. While usefui for estimating the cetane number of
distillate fuels, this technique can not be applied to fuels containing additives that raise cetane
number. These additives do not change the fuel density or distiillation profile, so they do not alter
the calculated cetane index.

How Does Cetane Number Affect Engine Operation?

There is no benefit to using a higher cetane number fuel than is specified by the engine's
manufacturer. The ASTM Standard Specification for Diesel Fuel Qils (D-975) states, "The cetane
number requirements depend on engine design, size, nature of speed and load variations, and on
starting and atmospheric conditions. Increase in cetane number over valyes actually required
does not materially improve engine performance. Accordingly, the cetane number specified
should be as low as possible to insure maximum fuei availability.” This quote underscores the
importance of matching engine cetane requirements with fuel cetane number.

Diesel fuels with cetane number lower than minimum engine requirements can cause
rough engine operation. They are more difficult to start, especially in cold weather or at high
altitudes. They accelerate lube oil sludge formation. Many low cetane fuels increase engine
deposits resulting in more smoke, increased exhaust emissions and greater engine wear.

Using fuels which meet engine operating requirements will improve cold starting, reduce
smoke during start-up, improve fuel economy, reduce exhaust emissions, improve engine
durability and reduce noise and vibration. These engine fuel requirements are pubhshed in the
operating manual for each specific engine or vehicle.



Overall fuel quality and performance depend on the ratio of parafinic and aromatic
hydrocarbons, the presence of sulfur, water, bacteria, and other contaminants, and the fuel's
resistance to oxidation. The most important measures of fuel quality include API gravity, heat
value (BTU content), distiillation range and viscosity. Cleanliness and corrosion resistance are
also important. For use in cold weather, cloud point and low temperature filter plugging point must
receive serious consideration. Cetane number does not measure any of these characteristics. -

Cetane Improvers / Ignition Accelerators

U S diesel fuels are blends of distillate fuels and cracked petroleum hydrocarbons. The
cracked hydrocarbons are low cetane compounds, largely due to their aromatic content. To meet
the cetane number demands of most diesel engines, cetane improvers must be added to these
blends. The lower cetane cracked compounds are less responsive to these cetane improvers than
the higher cetane paraffinic fuels.

¥

Cetane improvers modify combustion in the engine. They encourage early and uniform
ignition of the fuel. They discourage premature combustion and excessive rate of pressure
increase in the combustion cycle. Depending on the amount of high versus low cetane
components in the base fuel, typical alkyl nitrate additive treatments can increase cetane by about
3 to 5 numbers (1:1000 ratio). With high natural cetane premium base fuels (containing a high
percentage of parafins). and a 1:500 treatment ratio, cetane may increase up to a maximum of
about 7 numbers. )

Most cetane improvers contain alky! nitrates which break down readily to provide additional
oxygen for better combustion. They also break down and oxidize fuel in storage. This generates
organic particulates, water, and sludge - all of which degrade fuel quality. The result is often a fuel
which no longer meets even minimum requirements. Because of these drawbacks, nitrate cetane
improvers are not used in DurAit fuel conditioners.

DurAlt fuel conditioners are blended to improve oxidation stability, while providing a cetane
number increase of 2 to 5 numbers. DurAlt products are designed to improve combustion while
reducing oxidation and particulate formation, increasing storage stability, and enhancing fuel

quality.
Do Cetane Improving Additives Really Improve Fuel Quality?

Fuel quality is defined by the physical propenty specifications given in the ASTM Standard
Specification for Diesel Fuel Oils, ASTM D-975. Carbon residue, ash and sulfur increase engine
wear and deposit formation. Premium diesel fuels should have lower specifications for these
properties. Additionally, premium diesel fuels should be more stable in storage than standard
fuels, so the premium fuel quality you purchase won’t degrade over time. This is the area where
nitrate-containing cetane improvers cause problems.

More fuel retailers are introducing premium diesel fuels, touting high cetane number as the
sole benchmark of fuel quality. Contrary to this assumption, a cetane number which is too high
may cause too short an ignition delay period. This changes the timing of the pressure peak,
resulting in loss of power. When this happens, many of the performance problems associated with
low cetane fuel will result. While the problems due to low cetane largely disappear after the
engine warms up, with too high a cetane, these problems will persist even with a hot engine.

Specifying Diesel Fuel

Cetane number is an important measure of ignition quality, or cold-starting ability. API
gravity is an excellent indicator of heat value, which translates into fuel economy and power. The
distillation curve reflects the molecular weight distribution, with higher boiling fractions providing
better lubrication, higher cetane - and more deposits. Sulfur content is directly related to
corrosion; this needs to be as low as possible. Oxidation stability, water, and sediment content
affect the storage life of the oil. For winter use, low cloud point and low temperature filter plugging
point are critical to uninterrupted operation. To insure the best quality fuel for your diesel engines,
follow the engine manufacturer’s specifications for all these characteristics





